The Mucors, commonly called bread moulds, are a group of fungi apparently simple in structure and in their methods of reproduction. All are able to multiply rapidly, perhaps indefinitely, by means of nonsexual spores. We have still in cultivation, for example, the sexual races of the common Rhizopus which were isolated in 1904. A few species are hermaphroditic (homothallic) and produce sexual spores (zygospores) through the interaction of branches from the same individual. The great majority, however, are dioecious (heterothallic) and require for sexual reproduction the interaction of individuals of the two opposite sexes provisionally designated as (+) and (-). Which of these two sexes is male and which is female is the problem of our present discussion.
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The process of zygospore formation in dioecious species can be illustrated by figure 1, a-e. Two filaments of opposite sex (a) produce, at the point 77~)~fr)(+) ((+)C-) (a) (b) ( had not been tested with a particular race of the opposite sex with which they gave a scanty production of zygospores. We have found no evidence for "relative sexuality" in the dioecious
Mucors such as Hartmann5 has described in Ectocarpus and believes FIGURE 2 exists in a wide range of forms.
Not only are there only two sexes within a given species but the same two sexes are present throughout all the species tested as shown by the "imperfect hybridization" reaction. Figuire 2 is a diagram of a culture in which zygospores are represented by circles at the line of contact between (+) and (-) races of species V. In the same culture were planted the opposite sexes of another species IV. The dotted lines represent the imperfect sexual reactions which take place when opposite sexes belonging to two different species come in contact. Such imperfect reactions may be so abundant as to be visible as a white line. The reactions resemble early arrested stages in zygospore formation and never reach a more advanced stage than the formation of gametangia shown in figure lc.
Imperfect hybridization reactions have been employed in determining the sex of unmated races6 and have led to the conclusion that there is something fundamental in common to the same sex throughout all the species in the Mucors. Imperfect reactions have also shown that the same (+) and (-) sexes exist in the single individuals of hermaphroditic species.7 Although no constant morphological differences have been observed in the uniting gametangia of dioecious species nor in those of several hermaphroditic species, there are certain species of the latter in which there is a striking and constant difference in gametangia size, connected with differences in the hyphae which bear them. Since in practically all forms in which there is a size difference between gametes (the larger is Dioeciouis 5,oecies Zyforlynchas .Aerogamus FIGURE 3 46sadia sfnosa the female) it was thought possible by imperfect reactions to determine which sex of dioecious Mucors showed an imperfect reaction with the larger gametangia of these heterogamic hermaphrodites and thus to be able to say which of the (+) and (-) sexes was male and which female. Earlier investigations showed that the (+) race reacted with the smaller gametangium of three species of heterogamic hermaphrodites and the (-) race reacted with the larger gametangium of one of the three. These reactions would seem to warrant one in calling the (+) sex female and the (-) male. A preliminary test of a fourth heterogamic hermaphrodite, however, seemed to give somewhat different reactions with (+) and (-) testers of dioecious species and rendered it inadvisable to draw definite Vol,.r, 5, 1929 conclusions as yet as to the homologies of sexes in Mucors and higher forms. The matter seemed worthy of a more detailed study, the results of which are summarized in the succeeding paragraphs. Figure 3 presents diagrams of the sexual reactions between three types. The one above is a dioecious species used as a standard tester and its gametangia are labeled (+) and (-) . The two types below, Absidia spinosa on the right, Zygorhynchus heterogamus on the left, are hermaphrodites with unequal gametangia, the larger in each case borne on the termination of an enlarged branch.
The connecting lines in the diagram show the imperfect sexual reactions which have been observed. Thus (+) races of the dioecious species give reactions with the small gametangium of Absidia spinosa showing that the smaller gametangium of this species is (-) while the (-) race reacts with the larger gametangium showing that the latter is (+). A number of other heterogamic hermaphrodites (Dicranophora, Zygorhynchus Moelleri, Z. Vuillemini, etc.) give imperfect sexual reactions like those of Absidia spinosa. Zygorhynchus heterogamus, however, of which we have tested 4 races behaves differently from any other species investigated. In this species the smaller gametangium from its reactions must be considered (+) and the larger (-), a condition exactly the reverse of that found in Absidia spinosa. Imperfect sexual reactions occur between two hermaphrodites. When Absidia spinosa is grown with Zygorhynchus heterogamus, the large gametangium of the one species reacts with the large gametangium of the other while the small gametangia of the two species react similarly inter se. The imperfect sexual reactions between these two hermaphrodites are such as might be expected from the nature of their gametangia as determined by their reactions with (+) and (-) races of dioecious species.
If, in the evolution of these forms, the heterogamic condition has been derived from isogamy, it is obvious that in one species the (+) has developed into the small gametangium while in others the (+) has developed into the large gametangium. It Hartmann, 9 Naville found that the male are larger than the female gametes, but the differences shown in the figures given are at best slight. In no case in the literature, however, have we found record of the male cell being constantly so markedly superior in size to the female as is the case with at least one of our heterogamic hermaphroditic Mucors. This is true whether the (+) is female and the (-) male as the reactions with Absidia spinosa would suggest or vice versa as the reactions with Zygorhynchus heterogamus alone might indicate. It would seem that in the Mucors the terms (+) and (-) are labels of something more fundamental than the terms male and female if these latter are defined by size differences in the conjugating cells.
In our discussion we have applied the sex terms (+) and (-) to gametangia. There has been a proper objection to applying the terms male and female to sperms and eggs in flies and mammals without regard to their chromosomal constitution, since half of the sperms have the same sex chromosomes as the eggs. It appears that the reactions of these gametes is not determined by their chromosomal constitution alone. Similarly the reactions of what has been convenient to call (+) and (-) gametangia in Mucors may not be due to differences in chromosomal content. They may differ in somewhat the same way as do sperms and eggs.
It has been seen that there is no constant size difference between the gametangia in dioecious Mucors nor constant vegetative characters by means of which it is possible to distinguish the two sexes. The attempt to determine which is male and which female by imperfect sexual reactions with heterogamic hermaphrodites has been unsuccessful.
A rather extensive series of qualitative and quantitative tests indicates that the (+) races of Mucors react biochemically in a similar manner to the females of higher plants and the (-) races like males.10 11.12,13 The evidence from these tests suggests that our (+) sex is female and our (-) sex male and is in line with the evidence from imperfect hybridization reactions with all except one species of the heterogamic hermaphrodites. Until further evidence is available, it will not be possible to be certain regarding the homologies of the two sexes in Mucors and higher forms. As a matter of convenience, however, we may designate the (+) and (-) The writers have for some years been analyzing the variation in the strength developed by mortars made from native sands and common commercial cements. This variation in actual test condition lies between 100 and 600 pounds per square inch in tension and 2500 to 9000 pounds in compression. Among the constituents shown to account for part of this variation in strength is the amount of native iron* found in the sand, a correlation of 0.38 i 0.03 existing between the content of this native iron and strength. In this paper another sand constituent, aluminium, is studied and its relation to the strength developed by the mortar containing it. Table 1 shows that there is a consistent increase in the tensile strength developed by mortar on the 28-day test as the content of aluminium found in the native sand increases. This increase amounts to more than 100 pounds over the whole range of variation in the native sands' aluminium content. The amount of variation which exists for any one class and the degree of correlation which exists between the aluminium content and strength
